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Abstract 
For the first time, high-vacuum ion-sorption MEMS micropump has been integrated with other vacuum MEMS devices. The 
first integrated device consists of a Pirani vacuum gauge and a micropump, the second – consists of a field-emission electron 
source and a micropump. Tandem device Pirani gauge – micropump forms a single-unit vacuum meter. Tandem device electron 
source – micropump enables obtaining a more stable electron beam gun after residual gas removal. The preliminary results 
presented here confirm the possibility of fabricating new high vacuum MEMS instruments with own pumping and vacuum 
monitoring system on-chip.  
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1. Introduction 
Development of several types of MEMS and NEMS utilizing small-volume (1 cm3) hermetically sealed vacuum 
chambers meets important physical and technical barriers. Since the pressure strongly influences properties of many 
devices, in many cases it is required either to limit it as much as possible [1] or to adjust it precisely to the 
application [2]. Therefore, it would be strongly appreciated to have a method of generating vacuum and controlling 
its value inside a MEMS package. 
  At present, decreased pressure in microsystems is usually obtained during sealing process, which can be 
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performed on wafer or on package level [3], followed by the use of so called MEMS getters [4]. Those methods 
however do not provide high vacuum (p < 10−3 hPa) and what more, after the process the control on internal 
pressure is lost - degassing from surface, gassing of bonded interlayers, permeation of light gases molecules from 
outside atmosphere cause vacuum degradation [5].  
To possess the control on vacuum and therefore on MEMS properties, as we believe, microsystems should be 
integrated on-chip with a miniature vacuum pump and a miniature vacuum gauge.  
The problem of an active generation of vacuum (especially high vacuum) in MEMS/NEMS remained unsolved 
for years. First micro-pumping unit compatible to MEMS/NEMS specific was presented in 2013 [6]. It has been 
shown that MEMS ion-sorption micropump generates vacuum from 1 hPa to 3∙10−7 hPa inside approximately 80 
mm3 volume.   
More effort has been done in vacuum measurements. Few different types of vacuum gauges have been elaborated, 
covering different pressure ranges [7, 8]. They were however tested usually in external large volume vacuum 
chambers or served as indicators of quality of encapsulation process. It is still not a common practice to add  
a vacuum gauge to other MEMS devices and more research is needed to check how they work in microvolumes.  
In this paper two miniature integrated vacuum microsystems have been shown for the first time. We integrated 
on-chip a MEMS micropump with a miniature Pirani vacuum gauge, and MEMS micropump with a field-emission 
electron source. Two different technological approaches were used in both cases – epoxy bonding of two separately 
prepared devices and parallel fabrication of both devices. 
2. Experiment 
The first microsystem allows pumping and independent measuring of the vacuum level. MEMS micropump is 
made of silicon and glass layers formed by wet etching and bonded together with the use of an electrostatic anodic 
method. It is responsible for generating vacuum (up to 3∙10–7 hPa). The construction of the ion-sorption pump gives 
a possibility of determining initial vacuum which is necessary to ignite an electrical discharge (about 1 hPa) [9]. 
Cathodes of the micropump are formed as thin silicon membranes, which bend according to pressure difference 
between interior and exterior (linear relation, fig. 1a). Moreover, thanks to proportional dependence of an ion current 
of micropump versus pressure, the calibration curve measured in reference vacuum chamber can be used for 
estimating obtained pressure value (10–2–10–7 hPa) (fig 1c).  
For the intermediate range (1–10–3 hPa), where both mentioned methods are not enough sensitive,  
a MEMS Pirani vacuum sensor has been applied (fig. 1b, [10]). The resistivity of a miniature Cr/Au heater placed on 
a silicon nitride membrane (supplied by a constant voltage) depends on changes of heat transfer in a presence of 
ambient gas.  
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Fig. 1. Elements of the integrated vacuum device (left) and corresponding calibration curves (right): a) membrane sensor made in micropump 
cathode [8], b) MEMS Pirani sensor in glass package, c) micropump before connecting with the Pirani sensor, d) complete system and resistivity 
of a Pirani gauge changes during micropump operation  
 
Elements of this device fabricated separately and partially encapsulated are connected by the use of Torr Seal® 
low vapor pressure epoxy (fig 1d). The preliminary studies revealed that Pirani gauge, closed inside a very small 
volume, works differently than in a large-volume chamber. Because the distance between membrane with 
thermoresistor and glass package is small (about 0.3 mm) heat transmission causes increase of package temperature. 
Additionally, ion-sortion micropump located near vacuum sensor influences temperature of the structure. Thus, 
Pirani sensor readings are not obvious. Based on the analysis of the observed results it can be concluded that more 
research is needed on both the microsystem design and the analysis of thermal phenomena occurring in such small 
volume. 
After it is done, this MEMS tandem will form the pumping unit and vacuum meter suitable for applications in 
different miniature instruments.  
The second configuration (fig. 2a) is formed of field-emission electron source integrated with MEMS 
micropump. Both devices were fabricated in parallel using the same silicon and glass substrates. Two miniature 
vacuum chambers – one for the micropump and one for the electron source – were formed in deep wet etching and 
step-by-step anodic bonding  processes. Cold cathode was made of carbon nanotubes deposited on silicon substrate 
by the use of the electrophoretic method. The both MEMS devices are connected through a microchannel made in 
one of the glass wafers. Electrodes are separated by a diamond saw.  
High vacuum environment created dynamically by the micropump improves the emission properties of the 
carbon nanotube cold cathode. First, we measure stability of an electron current in low vacuum about 1 hPa, 
obtained during the last vacuum anodic bonding process. Field emission cathode is bombarded by ionized gas 
particles, the longest carbon nanotubes responsible for the field emission are blunted and the emitted current 
decreases rapidly (fig. 2b). After 5 minutes of pumping the pressure dropped to about 10−4 hPa and less gas 
molecules stroke the carbon nanotubes and emission was more stable. Further improvement of stability of the 
emission current requires a longer pumping or constant increase the cathode-gate voltage. 
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Fig. 2. MEMS micropump and MEMS field-emission electron source integrated on-chip: a) scheme, b) emission current stability before and after 
micropump using; I0 – initial value of the electron current. 
3. Conclusions 
Miniature MEMS devices have been successfully integrated with a miniature vacuum pump. First positive results 
have been obtained but more research needs to be done.   
The presented concept of on-chip integration of vacuum MEMS with own pumping and pressure measuring 
MEMS unit opens the way toward future family of micro- and nanoelectronics vacuum systems, including 
miniaturized TOF instruments or X-ray luminescence spectrometers.  
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